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Abstract 
The CO2CRC’s UNO MK 3 process is a precipitating potassium carbonate process engineered to capture 90 % of 
carbon dioxide emissions from large scale emission sources such as power stations and other industrial sources. 
 
The UNO MK 3 is expected to have benefits in the following areas;  
 
• Low energy of regeneration (2 - 2.5 GJ/tonne of CO2).  
• Low overall cost, which is expected to be greater than $20/tonne of CO2 avoided less than competing amines. 
• Low volatility and environmental impact with low emissions, low toxicity and smaller carbon footprint. 
• Multi-impurity capture of CO2, SOx and NOx with linkage to the global potassium fertilizer chain. 
 
These key benefits of the UNO MK 3 process are being confirmed by the CO2CRC’s work program, which combines 
fundamental research, process demonstrations and larger scale engineering applicable to capture from 500 MW 
power stations. Techno-economic results from this large scale engineering work program are presented and the 
systematic technology improvements discussed. 
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1 Introduction 
The Cooperative Research Centre for Greenhouse Gas Technologies (CO2CRC) is one of the world's 
leading collaborative research organisations focused on carbon dioxide (CO2) capture and geological 
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sequestration (CCS). The CO2CRC is therefore uniquely placed to assess the comparative performance of 
capture technologies for CCS. The CO2CRC has, for over 8 years, been researching and developing 
capture technologies in the areas of solvents, membranes, adsorbents and hydrates to drive down the cost 
of CCS related capture. It is through the dedicated research and engineering development that 
technologies, like the CO2CRC’s novel solvent absorption process, UNO MK 3, are being progressed 
from the lab bench to the large scale. 
The UNO MK 3 process is a patented precipitating potassium carbonate (K2CO3) process designed to 
capture 90 % of CO2 emissions from large scale emission sources such as power stations (pre and post 
combustion) and other industrial sources. The UNO MK 3 process is suitable for retrofitting to existing 
emission sources as well as for new builds. The process is applicable to all CO2 sources and due to its 
robust nature it is expected to be particularly relevant to high oxygen containing flue gases typical of 
Natural Gas Combined Cycle (NGCC) generators. 
The UNO process was originally developed as a liquid based K2CO3 solvent with the original patent 
covering both pre and post combustion capture [1]. The UNO process was demonstrated in both pre and 
post combustion capture by pilot plant trials recently completed as part of the Energy Innovation 
Technology Strategy (ETIS) funded by the Victorian Government [2, 3]. 
The third phase of the UNO process development (termed UNO MK 3) is based on higher 
concentrations of the K2CO3 solvent solution, which incorporates precipitation of potassium bicarbonate 
(KHCO3) allowing lower solvent circulation rates and hence lower energy usage and significantly smaller 
regeneration equipment [4]. 
In addition to the UNO MK 3 process, the CO2CRC has developed a concentric column design, 
which replaces the traditional steel absorption and regeneration columns. The new design could result in a 
significant reduction in cost and the footprint of the capture process [5].  
Heat integration strategies, using a method developed by the CO2CRC, are also incorporated into all 
of the CO2CRC’s capture processes, including UNO MK 3, to further reduce the energy requirements [6]. 
This paper presents the performance and economic assessment of the large scale UNO MK 3 process.  
2 Process Description 
A simplified process flow diagram is shown in Figure 1, which is effectively a typical solvent 
absorption process comprising CO2 absorption and regeneration. 
The reaction of CO2 in the absorber column with the lean K2CO3 solvent to form KHCO3 occurs 
through Reactions 1 and 2 to give the overall reaction shown as Reaction 3. Reaction 1 is in equilibrium 
whilst the reaction of CO2 (Reaction 2) is the rate-limiting step. Both reactions occur in the liquid phase 
within the absorption column. 
 
H2O + K2CO3  KHCO3 + KOH               Reaction 1 
CO2 + KOH  KHCO3                Reaction 2 
CO2 + K2CO3 + H2O  2KHCO3               Reaction 3 
 
The concentration of solid KHCO3 in the rich solvent leaving the absorber column is increased 
through cooling and separation prior to solvent regeneration. In the regenerator/stripper column, heat is 
applied to the rich solvent releasing CO2 and creating a K2CO3 solvent lean in KHCO3, which is recycled 
back to the absorber column. 
The SOx and NOx compounds present in the flue gas react with K2CO3 to form potassium sulphate 
(K2SO4) and potassium nitrate (KNO3). This multi-impurity capture capability leads to cost reduction due 
to the avoidance of flue gas treating facilities. The valuable fertilizer by-products (K2SO4 and KNO3) are 
removed from the UNO MK 3 process using a combination of proven separation techniques. 
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Figure 1 – UNO MK 3 simplified process flow diagram 
3 Methodology 
The large scale engineering design of the UNO MK 3 process is based on retrofitting post-combustion 
capture for removal of 90 % of the CO2 in the flue gas of a 500 MW brown coal-fired power station. 
Process flow diagrams, simulation files, heat integration strategies, material and energy balances and 
equipment lists were developed for each case study of the UNO MK 3 process. These engineering 
deliverables were then used to estimate the cost of capture ($/tonne CO2) and levelised cost of electricity 
(LCOE) ($/MWh) for each case study. 
3.1 Basis of Design 
The inlet gas conditions and the targeted CO2 capture rate used in the large scale design of the UNO 
MK 3 process are presented in Table 1. The flue gas conditions are based on a brown coal-fired power 
station typical of those found in the Latrobe Valley, Australia. 
Table 1 – Large scale inlet gas conditions and targeted CO2 capture rate 
Nominal Power Generation (Brown Coal) 500 MW 
CO2 Recovery Rate 90 wt% 
Nominal CO2 Flow Rate 12,000 tonnes/day 
Flue Gas Flow Rate 3,238,000 tonnes/day 
Pressure 2.0 kPag 
Temperature 192 °C 
Composition Mole % (Wet Basis) 
N2 62.0 
O2 3.9 
CO2 11.0 
H2O 22.5 
Ar 0.6 
Minor components ppmv (dry basis) 
NOx, CO, SO2, SO3 151 (90 % NO), 13.9, 211, 0.5 
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3.2 Simulation 
Simulation of the UNO MK 3 process was undertaken using ASPEN PlusTM Version 7.3 (Aspentech, 
USA) using the eNRTL and Pitzer thermodynamic models for vapour liquid systems and vapour liquid 
solid systems, respectively. 
3.3 Heat Integration Strategies 
The following two heat integration strategies were used in this work. 
i. Moderate Heat Integration. The power station steam cycle was modelled in ASPEN PlusTM with 
the steam required for the UNO MK 3 process removed from the LP turbine and the condensate 
returned to the steam cycle. This reduces the flowrate through the LP boiler feedwater heaters, 
allowing them to be heated by other sources. In this case there is sufficient heat in the flue gas 
without the flue gas reaching the condensation limit. This enables more steam to pass through 
the LP turbine, offsetting some of the losses caused by steam extracted for solvent regeneration.  
ii. Maximum Heat Integration. Heat exchanger curves from the UNO MK 3 process and the power 
station heat cycle were uploaded into in-house heat integration optimisation software. The 
software creates grand composite curves enabling the determination of the optimum steam 
flowrates to maximise the power generation for given heat exchanger minimum approach 
temperatures. The approach temperature impacts both the capital expenditure and the amount of 
power generated. Economic optimum approach temperatures found in previous work have been 
used in this study and the additional heat exchange area was factored into the capital cost.  
3.4 Material and Energy Balances 
Material and energy balance simulations/calculations were completed for process and utility streams as 
described below. 
i. Process Streams. Data required for the material and energy balance of the process streams was 
obtained from the simulation models of the UNO MK 3 process as described in Section 3.2. 
Pump outlet pressures were assumed to be 500 kPag allowing for a 30 to 40 m static head, 
control valves and frictional losses. The CO2 compressor produced supercritical CO2 at 150 bar. 
ii. Utility Streams. Cooling water and steam streams were modelled in ASPEN PlusTM using the 
ASME steam thermodynamic model. The cooling water inlet and outlet temperatures were 
assumed to be 30 and 40 °C, respectively at an inlet pressure of 200 kPag and an outlet pressure 
of 150 kPag. The steam was assumed to be supplied at a pressure of 200 kPag at dewpoint on 
entry to the exchangers. The pressure drop through the exchangers was also assumed to be 50 
kPag. The mass flows of cooling water and steam were then determined based on the required 
duties from the UNO MK 3 simulation models. 
3.5 Equipment Lists 
Equipment lists were compiled based on the equipment specified by the PFDs. Heat and Power duties of 
the equipment were taken from the simulation models. Equipment sizing calculations for vessels, heat 
exchangers and pumps were completed. The CO2 compression system was sized based on multi-stage in-
line centrifugal compressors except for the final case study, which was based on Ramgen shockwave 
compression [7].  
3.6 Costing 
The economic assumptions used to calculate the cost of capture and the levelised cost of electricity 
(2011 Australian dollars) are based on the CO2CRC methodology [8].  However, the set-up costs have 
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been modified from the standard assumptions to take into account the added cost for retrofitting and the 
fact that this is an emerging technology so some costs will be higher at this stage of development. 
3.7 Case Studies 
This study also compares the cost of UNO MK 3 with commercially available processes. The standard 
monoethanolamine (MEA) process with and without moderate heat integration was chosen as the 
benchmark. Further to this, a state of art (SOA) amine, with regeneration energy of less than 3 GJ/tonne 
of CO2 coupled with moderate heat integration was also considered. 
 
For the UNO MK 3 process, four case studies were identified to demonstrate the contributions of 
individual process options to the reduction in the cost of capture. These cases include 
i. Base Case. K2SO4 and KNO3 are removed from the solvent but remain in the aqueous phase. 
ii. By-products Removal. K2SO4 and KNO3 by-products are further treated to remove water to 
produce solid by-products. 
iii. Enhanced Absorbers. The absorber and regenerator are combined into a concentric column (as 
shown in Figure 2) made from concrete and lined with epoxy and stainless steel (as required).  
iv. Alternative Products. A chlor-alkali process is included to produce potassium hydroxide (KOH), 
which is required to replace the potassium lost to the by-products. The chlor-alkali process also 
produces chlorine (Cl2) and hydrogen (H2) from the electrolysis of potassium chloride (KCl) 
solution. 
 
A moderate level of heat integration was included in the assessment for all cases. For the third and 
fourth cases, maximum heat integration and the use of Ramgen compression in place of in-line 
compressors was also assessed.  
The UNO MK 3 sub cases, which produce the reducing cost waterfall diagram as shown in Section 4, 
may not necessarily be possible under all circumstances but are included to demonstrate the 
improvements that each option might contribute to overall cost reduction. 
 
 
Figure 2 – UNO MK 3 concentric column concept 
3.8 Environmental Impact 
A preliminary assessment of the environmental impact of the UNO MK 3 process in comparison with 
an equivalent MEA process has been completed using the CCaLC version 2.0 carbon footprinting and life 
cycle assessment (LCA) software developed by the University of Manchester. Indicative results from this 
preliminary assessment are presented in this paper. An independent LCA of the UNO MK3 process using 
the Simapro LCA software has recently been commissioned with published results expected in early 
2013. 
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4 Results and Discussion 
4.1 Economics 
The cost of capture (A$2011/t CO2) and levelised cost of electricity (LCOE) ($A2011/MWh) for the 
case studies are shown in Figures 3 and 4. 
 
 
Figure 3 – Cost of capture (A$ 2011/tonne CO2 avoided) for the UNO MK 3 case studies  
 
 
Figure 4 – Levelised Cost of Electricity (LCOE) (A$ 2011/MWh) for the UNO MK 3 case studies  
As shown in Figure 3, significant reductions in the cost of capture can be achieved with the different 
process options included in each of the case studies.   
When CO2 capture is installed at a power plant, energy is used for capture which would otherwise be 
sold to the grid, and hence there is a loss of revenue. As shown for MEA solvent, by utilising heat 
integration, the energy penalty and the amount of lost revenue is reduced hence lowering the cost of 
avoidance for capture below that without heat integration. Reducing the energy requirement of the solvent 
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by moving from standard MEA to a state-of-the-art amine with a lower heat of reaction further decreases 
the energy penalty and therefore the cost of capture.  
Moving from an advanced amine to the UNO MK 3 process reduces the cost of capture for the 
following reasons: no pre-treatment for SOx or NOx removal is required; the solvent flow is lower 
therefore the regeneration loop and column is smaller; and, the regeneration energy requirement is lower 
resulting in less revenue lost. The second UNO MK 3 case involving “By-product Removal” further 
reduces the cost of capture through revenue gained from saleable products in the form of solid K2SO4 and 
KNO3. The next UNO MK 3 case study involving “Enhanced Absorbers” includes the reduction in 
equipment cost obtained by replacing the standard stainless steel absorber and regeneration columns with 
a lined concentric concrete column (as shown in Figure 2). The final UNO MK 3 case study with 
moderate heat integration and the production of “Alternative Products” using a chlor-alkali facility to 
manufacture KOH has the lowest cost of capture of all moderate heat integration cases presented here. 
Whilst there is an increase in the equipment cost due to the chlor-alkali facility, the overall cost of capture 
is reduced due to the increased revenue from the production of additional chemicals.  
Two cases with maximum heat integration with Ramgen compression based on the UNO MK 3 
“Enhanced Absorbers” and “Alternative Products” case studies reveal the potential for further cost 
reduction. Conservative assumptions have been made for the amount of heat exchanger area required to 
achieve these reductions. In reality, there may be sufficient existing heat exchanger capacity within the 
existing power station that could be used to achieve this level of heat integration. This will further lower 
the cost of capture. The savings due to the use of Ramgen compression alone is estimated to be 3 to 4 
$/tonne CO2 avoided. 
Figure 4 shows that at the current Australian carbon price of A$23/t, the LCOE for the different UNO 
MK 3 capture technologies is approximately 1.5 times the LCOE for the power plant without capture. In 
comparison, the LCOE for implementing MEA solvent or advanced amines is almost two to three times 
the cost without capture.  
Whilst the results presented here are based on retrofit CO2 capture for a brown coal-fired power plant 
the CO2CRC is also investigating large-scale engineering designs for the UNO MK 3 process for CO2 
capture from new build natural gas combined cycle (NGCC) and black coal-fired power plants. The 
preliminary results from this work are also very encouraging and will be published shortly. 
4.2 Environmental Impact 
The preliminary results from CCaLC simulations are shown qualitatively in Table 3. As seen, these 
results indicate that the UNO MK 3 will have a smaller environmental impact than amine-based 
processes. 
Table 3 – Comparison of environmental impact of solvent technologies  
Environmental Impact UNO MK 3 Amine (MEA) 
Energy Use << 3 GJ/Tonne CO2 > 3 GJ/Tonne CO2 
Carbon Footprint Medium High 
Acidification Potential Low Medium 
Eutrophication Potential Low Medium 
Human Toxicity Potential Low High 
Ozone Layer Depletion Low Low 
Photochemical Smog Low Medium 
5 Pilot Plant 
A pilot plant demonstrating the UNO MK 3 process is presently being commissioned at Hazelwood 
Power Station in the Latrobe Valley, Australia. The pilot plant will capture 1 tonne/day of CO2 from the 
power station flue gas. The pilot plant will be operated until 2014 to obtain valuable research data to feed 
232   Clare Anderson et al. /  Energy Procedia  37 ( 2013 )  225 – 232 
back into the large-scale design. Preliminary results from the pilot plant are expected to be published in 
2013.  
6 Conclusions 
The UNO MK 3 process developed by the CO2CRC is a precipitating potassium carbonate process 
suitable for post-combustion CO2 capture that offers potential economic and environmental benefits in 
comparison with traditional amine-based capture processes. Based on retrofitting a 500 MW brown coal-
fired power station with 90 % CO2 removal and incorporating a full suite of improved process 
configurations, the cost of capture can possibly reduce to less than one third of the cost of a base MEA 
process without heat integration.  
The CO2CRC is currently finalising the engineering design of the UNO MK 3 process for post-
combustion capture from new-build NGCC and black-coal power generation with promising results. 
Likewise, an independent LCA is also being completed to support the initial positive environmental 
impact study results.  
The economics of the UNO MK 3 process presented in this paper is a preliminary assessment, and as 
such is only indicative of the possible costs benefits that can be achieved. A range of documented 
assumptions have been made and any changes to these will modify the results shown. The trends and 
relative improvements shown do however represent positive indications of the potential for reduced 
capture costs. 
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